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Abstract 
Engineered wetland systems are a passive treatment technology which are versatile, 
environmentally-friendly, and cost-effective for the remediation of acid mine drainage (AMD) and 
leachate.
Experience derived from a site in Ohio, United States, showed that the preliminary design of an 
engineered wetland system downstream of a former coal mine/landfill could be significantly improved by 
the performance of bench-scale treatability studies.  Results from the bench-scale treatability study 
showed that in order to achieve significant reductions of iron in the water discharging to the surface water 
bodies.  The pH of the water would have to be increased to 8 by the addition of limestone. 
Keywords:  engineered wetland systems; acid mine drainage (AMD); bench-scale treatability study. 
1.0 Introduction 
Engineered wetland systems are a passive treatment technology.  Key features of this wastewater 
technology are that its removal methods mimic rather than overcome natural processes and its cost of 
operation and maintenance is significantly lower than for technologies which employ active treatment 
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processes (USEPA, 1993; Smith, 1997).  In addition, unlike most active treatment technologies, 
engineered wetlands have a high degree of versatility.  These systems are generally comprised of a series 
of typically lined ponds or treatment cells filled with sand or gravel.  Plants such as cattails, reeds, and 
other open water, transition and upland plants are planted in the system and assist in the removal of 
contaminants from the waste stream (Kleinmann et al., 1983; Norton, 1992). 
Within the wetland system, organic contaminants are captured and subsequently degraded by physical 
and chemical processes with support from the wetland plants and microbial populations.  Metal 
contaminants can be adsorbed onto the wetland soils or converted to insoluble salts.  Wetland ponds also 
store runoff and rainfall, reduce flooding and soil erosion, and purify water by filtering wastes, sediments, 
and toxic compounds. 
Generally metals are removed in the aerobic zones by precipitation, chelation, and exchange reactions.  
Neutralization is mainly achieved in anaerobic zones by the activity of sulfate-reducing bacteria and the 
sincrease in alkalinity associated with the addition of limestone beds/drains (Brodie et al., 1992). 
2.0 Basis for the Preliminary Design 
Both surface water and groundwater impacted by acid mine drainage (AMD) and leachate at the Site 
have high concentrations of iron (199 to 730 milligrams per liter [mg/L]) and low pH (5.2 to 6.1).  The 
impacted water eventually discharges to Kings Run and Little McMahon Creek causing deterioration of 
water in these surface water courses. 
The proposed treatment system to minimize impact to the downstream surface water courses consists 
of a surface flow engineered treatment wetland to be located downgradient and downstream of 
groundwater and surface water flow in an area known as the Southern Toe area of the Site.  The size and 
layout of the proposed wetland was developed to best utilize the available space within the existing valley 
of the Southern Toe area and continue gravity flow to the Principal Spillway. 
The Southern Toe area is a low lying area approximately 2 acres in size with typical side slopes of 
3 horizontal to 1 vertical and 20 to 25 feet in height.  The Southern Toe area is vegetated with grasses and 
some bull rushes/cat tails (previously planted) in wetter areas.  The Site landfill leachate collection and 
Kings Run French drain systems as well as separately collected leachate seeps discharge to the Southern 
Toe.  A Principal Spillway consisting of riprap in a shallow channel collects leachate and discharges it to 
Kings Run through a spillway at the south end of the Southern Toe.  All these features and the degree of 
deterioration in surface water are shown on Figure 1. 
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The preliminary wetland design included two treatment cells separated by a berm.  These treatment 
cells (Cells 1 and 2) would be located south of the leachate transport pipe, King's Run French Drain, and 
Seep L-4, as shown on Figure 3.  Cell 1 would receive leachate effluent discharging from the leachate 
transport pipe, French Drain, and Seep L-4.  Cell 2 would receive the effluent from Cell 1 and leachate 
effluent from Seep A.  Each treatment cell would be separated by an earthen berm and lined with native 
soil and/or a geosynthetic liner system and portions overlain with topsoil.  The topsoil areas would be 
planted and seeded with existing wetland transplants and appropriate seed mixtures overlain by an erosion 
control blanket or mulch.  Flow through the wetland would be by gravity from Cell 1 to Cell 2.  Details of 
these features are shown on Figure 2. 
A key point in the preliminary design approach and consideration was identified as the need to conduct 
a laboratory bench-scale treatability study to finalize the design of the engineered wetland system.  The 
purpose of the bench-scale treatability study was to determine the effectiveness of the wetland in reducing 
iron concentrations.  It was initially estimated by experience with similar settings that the engineered 
wetland system would provide about 20 to 40 percent reduction in iron concentrations in the 
AMD/leachate discharges. 
3.0 Bench-Scale Treatability Study 
Based on flow rate data collected at the time of sampling, a composite sample was prepared that was 
representative of leachate entering Cell 1 of the wetland.  Flow data are provided in the table below: 
Collection Location Flow Rate in Gallon per Minute (gpm) 
Leachate Transport Pipe 1.05 
Seep A 0.74 
Seep L4 9.62 
French Drain 10.9 
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The composite was prepared with water from the leachate transport pipe, Seep L4, and the French 
Drain in the ratio of (1.0 part leachate transport pipe):(9.3 parts Seep L4): (10.6 parts French drain).  The 
leachate effluent samples and composite sample were analyzed for pH, total suspended solids (TSS), total 
dissolved solids (TDS), ammonia-nitrogen, biochemical oxygen demand (BOD), chemical oxygen 
demand (COD), sulfate, and total and dissolved calcium, iron, magnesium, and manganese. 
The results are provided in Table 1.  The pH of all of the samples was acidic – between 5.3 and 6.1.  
The TSS of the water from the leachate transport pipe and Seep A were relatively high (140 and 92 mg/L, 
respectively).  The TSS of Seep L4 and the French Drain were lower (33 and 50 mg/L).  The TSS of the 
composite samples were 52 mg/L. 
The TDS of the composite were 1,340 mg/L.  Ammonia-nitrogen was highest in the leachate collection 
pipe (20 mg/L) and lowest in the French Drain (ND [0.25]).  BOD and COD were higher in Seeps A and 
L4 than in the leachate collection pipe or French Drain.  Sulfate was greater than 990 mg/L in all of the 
samples.  Total and dissolved calcium, iron, magnesium, and manganese were measured in all of the 
samples and the composite.  In all cases, the total and dissolved values were similar indicating that these 
metals were predominantly in the dissolved form.  Iron was high in all of the samples (composite 
400 mg/L). 
Different retention times and treatment conditions were tested to determine the minimum retention 
time for each wetland cell and whether additional treatment such as pH adjustment would improve iron 
removal rates.  The results showed that for the composite (Cell 1), 120 hours of stirring resulted in a 
reduction of the ferrous (soluble) iron concentration from 260 to 201 mg/L, which was a 23 percent 
reduction. 
The data suggest that the short passive aeration period followed by retention in a wetland would 
provide approximately 15 to 23 percent reduction in iron concentrations. 
The results of air sparging testing suggested that additional treatment would be required in order to 
achieve significant iron removal from the water.  Subsamples of the composite and Seep A water samples 
were pH adjusted to pH 9 using lime.  The samples were allowed to settle for 48 hours.  The results of 
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these tests are shown in Table 2.  This treatment resulted in a reduction of the ferrous iron concentration in 
the composite from 260 to 0.11 mg/L (99.9 percent removal) and in Seep A from 258 to 1.16 mg/L 
(99.6 percent removal).  These results suggest that if leachate pH was raised, minimal aeration would be 
required in order to precipitate significant quantities of iron. 
In order to determine whether increased aeration could avoid the necessity for pH adjustment, samples 
were aerated using an air stone for 96 hours.  Water samples were tested at their ambient pHs and with 
their pH raised to pH 9. 
These results showed that increased aeration increased iron removal; however, raising the pH again 
resulted in significantly greater iron precipitation. 
Additional tests were performed in order to assess the treatment potential of the wetland, with and 
without pH adjustment.  Solids deposition in the wetland will be continuous; therefore, precipitated iron 
will not remain in the water column.  It is possible that removal of iron will shift the equilibrium between 
total and dissolved iron and favor the precipitation of additional iron.  Therefore, the water samples were 
aerated for 2 minutes to simulate the passive aeration and then stirred for 120 hours to simulate the 
wetland retention time.  After 72 hours, solids were removed and stirring continued.  The testing was 
performed on samples at the ambient pH and on samples where the pH had been adjusted to pH 9 using 
lime.  The results from this test are shown in Table 3. 
For 
the composite (Cell 1) water sample, treatment at ambient pH reduced the ferrous iron from 260 to 
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199 mg/L (23 percent removal).  This removal was similar to that observed in Task 3, therefore, it 
appeared that removal of the solids did not increase iron removal.  Treatment at pH 9.3 reduced the 
ferrous iron to 0.12 mg/L (99.9 percent removal).  This removal was similar to that observed in Task 4, 
when the pH was adjusted and the sample was allowed to settle, therefore, solids removal did not appear 
to increase iron removal at a higher pH.  The low solids production after the initial solids removal at 
72 hours suggested that little additional iron precipitated after the solids removal and that iron 
precipitation was largely complete after 72 hours. 
The results of the treatability study show that an engineered wetland can be used to precipitate iron to 
effect removal and correspondingly other metals from Site leachate.  It is recommended that the leachate 
pH be raised prior to discharge or more practically during/shortly after discharge to the wetland 
(i.e., allowing the water flow through or over limestone) to increase removal rates.  In the treatability 
study, the leachate pH was raised to nine to effect significant iron precipitation.  It is likely not necessary 
in the field to raise the leachate pH as high as 9 in order to achieve significant iron removal, and it may be 
difficult to practically achieve this pH increase in the field.  A lower pH such as pH 8 would still result in 
significant iron precipitation and corresponding reduction in dissolved iron concentration in wetland 
leachate discharge. 
4.0 Final Design Considerations 
As a result of the bench-scale treatability study it was considered that the addition of limestone to 
increase the pH of the AMD/leachate would be a key component not originally considered in the initial 
design of the engineered wetland. 
It is currently estimated that approximately 800 tons of limestone will have to be placed in the 
engineered wetland to increase the pH to 8, as recommended as a result of the bench-scale treatability 
study for a period of 20 years. 
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